T here is ample evidence that depressive disorders are more prevalent among adults with diabetes than in the general population. [1] [2] [3] [4] The relationship between depression and glycemic control in patients with diabetes, however, is less obvious. 5 A meta-analysis found a small to moderate overall association between depression and hyperglycemia in both type 1 and type 2 diabetes. 6 A closer look at the 27 individual studies reveals that about half of them were negative, and that publication bias, a particular threat to the validity of meta-analyses of observational studies, 7 could not be ruled out.
We identified 9 studies that were published (in English) after this meta-analysis. Four studies reported an association between depression severity and hemoglobin A 1c (HbA 1c ) limited to patients with type 1 diabetes 8, 9 ; males with type 2 diabetes 10 ; and individuals o65 years of age. 11 Gary et al. 12 found that depressive symptoms were marginally associated with suboptimal levels of HbA 1c among African Americans with type 2 diabetes. Singh et al. 13 reported an association between depression and HbA 1c in Pima Indians, but did not adjust for socioeconomic status. In contrast, Ciechanowski et al. 14 did not demonstrate an association between severity of depressive symptoms and glycemic control in a large sample (N =367) of patients with diabetes; Kruse et al. 15 found that people with diabetes and affective disorders were more likely to have adequate glycemic control; and a more recent study reported somewhat lower HbA 1c levels in patients with type 2 diabetes and major mood disorders (mostly depression) compared with primary care diabetic patients without serious mental illness. 16 In addition, although a recent systematic review and meta-analysis of randomized controlled psychological interventions in type 2 diabetes concluded that there is long-term improvement in glycemic control among patients who receive psychological therapies, 17 randomized clinical trials aimed at depressed diabetic patients do not support a direct or significant effect of treatment for depression on glycemic control. [18] [19] [20] [21] [22] Most patients with diabetes are treated in primary rather than specialty care settings. There are likely important differences between these two populations, such as severity of the disorder, physicians' characteristics, magnitude of competing demands on physicians' time and other resources, and physicians' ability to obtain mental health services for their patients. [23] [24] [25] Hispanic individuals compose the fastest growing minority group in the United States. Hispanics have been shown to have high rates of diabetes [26] [27] [28] [29] and are more likely to have poor glycemic control (PGC). [30] [31] [32] Diabetes ranks fifth among the leading causes of death in people of Hispanic origin. 33 Hispanic patients were also shown to be less likely to have regular source of medical care, to undergo screening, to use preventive services, to be referred to a specialist, 29 or to receive appropriate treatment. 34 Moreover, predictors of depression and anxiety, 35 as well as self-care behavior and family support, 36, 37 differ between Hispanic and European-American patients with diabetes. There is also evidence that, as compared with white depressed patients, Hispanic depressed patients are significantly less likely to receive antidepressant medications. 38 We sought to examine the relationship between depression and glycemic control in a sizable systematic sample of Hispanic, urban primary care patients.
METHODS

Setting
These data derive from a general medicine practice-based study that was conducted at the Associates in Internal Medicine (AIM), the faculty and resident group practice of the Division of General Medicine at the College of Physicians and Surgeons of Columbia University. The practice serves approximately 18,000 patient visits each year. Most patients are lowincome, Medicaid-covered, Hispanic individuals of Caribbean origin.
Sample Selection
Study subjects were drawn from a larger study of mental disorders in primary care, conducted between October 19, 1998 and April 15, 1999, and described in detail elsewhere. 39 Briefly, the study population consisted of systematically sampled consecutive adult primary care patients with scheduled physician appointments. Research assistants were randomly assigned daily to 2 or 3 of the clinic's 5 waiting rooms. Within each waiting room, patients were approached one at a time according to their seat location, following a pattern determined in advance by the investigators. If a patient refused to participate or did not meet eligibility criteria, the closest patient sitting to the right was approached next. 40 (excluding gestational diabetes) during a 1-year time frame before and after the study evaluation, 41 were identified from an automated database (n =231). Laboratory measurements were obtained via crosslinkage to the hospital's computerized clinical information system. To confirm the accuracy of the coding system, we used casual plasma glucose concentration ! 140 mg/dl (7.8 mmol/L) or at least a mildly elevated HbA 1c level (46.2%) during the defined time frame, in the presence of an ICD-9 code for diabetes, as ''gold standard.'' In order to assess potential false negatives, that is, patients with diabetes who were not coded as such, we used casual plasma glucose concentration ! 200 mg/dl (11.1 mmol/L) or, alternatively, casual plasma glucose concentration ! 140 mg/dl (7.8 mmol/L) and HbA 1c 46.2% as ''gold standard.'' Based on these values, we found that in our dataset an ICD-9 code for diabetes mellitus was highly sensitive (87.2%), specific (96.7%), and reliable (k =0.85).
We limited the analytic sample to those 209 (90.5%) patients who had at least 1 HbA 1c measurement recorded in the hospital's laboratory data system during 1998, 1999, and January to September of 2000. Patients who had at least 1 HbA 1c test were somewhat older (57 vs 52 years; P =.03) and were somewhat more likely to report poor or fair (vs good, very good, or excellent) physical health (67% vs 50%; P =.11). There were no differences in gender, level of education or income, depression, anxiety, or substance use disorders. For patients with more than 1 test, the HbA 1c value recorded closest to the date of the study interview was used. The median for the time interval between the test and the study interview was 36 days. During the study period, total glycohemoglobin levels were also measured, and those values have been converted to HbA 1c for this analysis using a standard nomogram (Robin S. Goland, MD, written communication, December 20, 2000) . All the glycosylated hemoglobin assays were performed at the Columbia Presbyterian Medical Center's laboratory, using National Glycohemoglobin Standardization Program (NGSP)-certified methods. 42 
Psychological Measurements
Current (past month) major depression, panic disorder, and generalized anxiety disorder, and past year substance (alcohol and drug) abuse/dependence were measured with the validated Patient Health Questionnaire (PHQ), 43 ,44 the self-report version of the PRIME-MD (Primary Care Evaluation of Mental Disorders). 45 There is a good agreement between the PHQ diagnoses and those of independent mental health professionals (for the diagnosis of any 1 or more PHQ disorder, k =0.65; overall accuracy, 85%; sensitivity, 75%; specificity, 90%). 43 The Spanish version of the PHQ has been validated in general hospital patients. 44 Continuous scores for depression were created on the basis of the number and severity of symptoms reported by the patient in each domain. Severity score ranges from 0 (not at all) to 3 (nearly every day) for each item. This resulted in a range of possible scores 0 to 27, with higher scores indicating greater severity. 46 Anxiety was defined as having either panic or generalized anxiety disorder (or both). Continuous score for the anxiety disorders was created using computation similar to that used for depression. This resulted in a range of 0 to 29 of possible scores for anxiety disorders. At study intake, patients completed a 5-point, self-rated, overall physical health scale (1 =poor, 2 =fair, 3 =good, 4 =very good, 5 =excellent). In the data analysis, this measure was collapsed into 2 categories, the first consisting of excellent, very good, and good; the second of fair and poor. This was done to allow for a more meaningful interpretation of this measurement. Patients were also asked about past year and lifetime professional mental health treatment.
Spanish versions of the PHQ and all other study forms were used for patients who preferred Spanish. A bilingual team of trained mental health professionals conducted all the assessments via face-to-face interviews. The study protocol was approved by the Institutional Review Board, and all study participants gave informed consent.
Data Analysis
Comparisons between patients with at least 1 glycosylated hemoglobin test and those with none were conducted with t tests for continuous variables, w 2 tests for categorical variables, and the Wilcoxon rank-sum test for ordinal data (education and income). In order to assess the validity of the psychological measures, depression and anxiety scores were correlated with mental health status, measured by the Mental Component Score of the Medical Outcomes Study 36-item Short-Form Health Survey (SF-36), a generic, highly valid, and reliable health status measure, 47 which was available for 53 (25%) of the sample.
Higher scores on the SF-36 denote better mental health. The high Pearson correlation coefficients (r =À .78, Po.0001 for depression; r =À .69, Po.0001 for anxiety) support the validity of the depression and anxiety measures in our sample. The total analytic sample was then grouped into 3 categories based on PHQ depression scores, to allow for a general, nonlinear relation between depression severity and PGC. The PHQ score ranges for depression severity were as follows: 0 to 1 points indicating no depression; 2 to 11 points, minimal or mild depression; and ! 12 points, moderate or severe depression. We chose a score of 12 points as the cut point for determining major depression because of its optimal operating characteristics, that is, high specificity (92%) combined with minimal tradeoff in sensitivity (83%) for the diagnosis of major depression. 46 We defined the 0 to 1 category as ''no depression'' to ensure that the reference group does not include cases of depression, because a total score of 2 or more on the first two PHQ-9 items (depressed mood and anhedonia) demonstrated a sensitivity of 82% and specificity of 80% for any depressive disorder. 48 51 In a secondary analysis, we followed the same analytic approach to assess for association between anxiety and glycemic control, with depression added as a covariate, and to assess the relationship between depression and glycemic control in non-Hispanic patients.
All tests were two-tailed, and statistical significance (a) was set at .05. Statistical analysis was performed using SAS statistical software (SAS Institute Inc., Cary, NC).
RESULTS
Seventy (33.5%) patients had current moderate or severe depression, as measured by the PHQ. The demographic characteristics and current psychological measurements of the 3 study groups are presented in Tables 1 and 2 . Patients with moderate to severe depression were mostly women (80%), with low income, and more likely to be living alone. They had higher prevalence of anxiety disorders, and were more likely to report poor/fair self-rated physical health.
Our main analysis is presented in Table 3 . We found a steady increase in the probability of PGC with advancing categories of depression severity. In the adjusted model, likelihood for PGC was more than 3-fold higher among patients with moderate to severe depression compared to patients without depression. A test for trend, based on these depression categories, yielded a statistically significant result (P =.01), supporting a significant, monotonic, dose-response relationship between depression severity and PGC. We also compared PGC We did not find an association between depression and PGC among the 86 non-Hispanic (74 blacks, 12 whites) diabetes patients: unadjusted OR, 0.90; 95% CI, 0.23 to 3.58 for the comparison between the moderate to severe depression and the no depression groups.
Only 29 (41.4%) of the patients with moderate or severe depression received mental health treatment in the previous year, compared with 18 (19.6%) of those with minimal to mild depression and 3 (6.4%) of those without depression (Fig. 1) .
DISCUSSION
Maintaining optimal glycemic control is a widely accepted goal of therapy in patients with diabetes. The American Diabetes Association (ADA) guidelines encourage physicians to set a goal of maintaining HbA 1c levels at o8%. 49 We found a significant and robust, dose-dependant association between increasing depression severity and PGC in a systematic sample of Hispanic, low-income, primary care patients. More specifically, we demonstrated about a 3-fold increase in the likelihood of PGC (HbA 1c ! 8%) among patients with diabetes who have PHQ scores corresponding with major depression, compared to those without depression. This finding was specific to Hispanics. Consistent with some of the previous reports, we did not find an association between anxiety and glycemic control. 52 Although we cannot be sure of the direction of causation in a cross-sectional analysis, it is reasonable to assume, given prospective data from other studies in diabetes patients 53, 54 and the well-established observation that major depression usually begins in adolescence or early adulthood, 55 that depression influences diabetes and glycemic control, rather than vice versa. Furthermore, if PGC causes depression, we would expect this relationship to be mediated at least in part by low self-perceived physical health, 56,57 a valid measure among Latinos living in the United States for 10 years or more 58 and a strong predictor of diabetes-related mortality, 59 and to become attenuated following adjustment for perceived physical health. Our analysis does not support this hypothesis. Considering the usually transient nature of depression in diabetic adults, 60 a relative advantage of using cross-sectional data in the investigation of the relationship between depression and HbA 1c is that current depression may be more causally relevant to current or recent glycemic control than past depressive episodes; potentially biasing factors, such as selective loss to follow-up or nonrandom changes in the treatment of diabetes, are practically eliminated. Several plausible behavioral and biological mechanisms might account for the association between depression and PGC. Depression is a risk factor for noncompliance with medical treatment recommendations, including medications, diet, and health behavior 62, 63 ; some patients with depression have increased cortisol production and insulin resistance 64, 65 ; and serotonin concentrations and catecholamine levels, both altered in depression, might affect glucose regulation. 3 A potential limitation of our study is lack of data on several possible confounders and mediators, namely, body mass index, a risk factor for diabetes that might be associated with depression, 66 use of psychotropic drugs, and cigarette smoking. The two latter possible confounders, however, are not likely to account for our finding. Although atypical antipsychotic drugs were shown to be associated with hyperglycemia, 67 outpatients with depression are rarely treated with these drugs. 68 Rather, depressed primary care patients are likely to be treated with antidepressants, commonly serotonin reuptake inhibitors, 69 which often suppress appetite and may cause some degree of weight loss. Therefore, not adjusting for use of antidepressants might have resulted in underestimation of the effect of depression on glycemic control. Finally, patients with depression are more likely to smoke than nondepressed patients, 70 and smoking has been independently associated with slightly (0.08%) higher HbA 1c levels. 71 Thus, although smoking might, theoretically, act as a confounder in our data, it is unlikely to account fully for the observed association. Our assessment of depression was based on self-report of symptoms by means of face-to-face interviews using a validated instrument, not on the more accurate clinical diagnostic interview. 72 However, we demonstrated a strong correlation between depression and the Mental Component Score of the SF-36, supporting the validity of our assessment. Finally, our sampling strategy, by which frequent attendees were more likely to be sampled than less frequent, presumably less depressed and better controlled diabetes patients, might have introduced selection bias. Nevertheless, in our dataset, patients with moderate or severe depression did not make significantly more visits to the practice (P =0.37; see Table 2 ), and thus were not more likely to be sampled for the study.
61
There are important clinical and public health implications to our finding. As rates of diabetes, especially among Hispanics, 26, 28 continue to increase, it is important for clinicians caring for patients with diabetes to be aware of the association between depression and PGC that might mediate the reported association between depression and diabetes complications, 73 which are more common among Hispanics. [74] [75] [76] Hispanic primary care patients were shown to be less likely to receive appropriate care for depression compared with white patients. 77 The finding that fewer than one half of the patients with moderate or severe depression in our sample reported receiving mental health treatment in the previous year probably also indicates underrecognition of major depression in this population. Recognition of depression in symptomatic diabetes patients is particularly difficult, because of overlap in physical (e.g., weight loss and fatigue) or cognitive (e.g., trouble concentrating) symptoms. Our findings suggest that identification and adequate treatment of depression in this understudied, high-risk population of Hispanic primary care patients might have favorable effects on diabetic outcomes. 78 Relatively simple and safe pharmacological and psychological interventions are effective in treating depression in primary care, 79, 80 and specific recommendations for treatment of depression in patients with diabetes are available. [81] [82] [83] Whether such interventions improve glycemic control in this population awaits additional prospective controlled research. 
